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FABRICATING METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a technology for 
constituting a GaP based LED having a monojunction or 
heterojunction light emitting part exhibiting a current 
block function, and a technology for constituting a 
current block function structure utilizing a boron 
phosphate based semiconductor layer where conductivity 
can be controlled easily. 

SOLUTION: In a GaP based light emitting diode, a first 
lll-V compound layer containing boron is provided in the 
projection area of a surface electrode In junction with 
one compositional layer of light emitting part, and a 
second III-V compound layer containing boron is provided 
in junction with the first lll-V compound layer 
containing boron. Furthermore, a pn junction structure 
comprising the first llt-V compound layer containing 
boron and one compositional layer of light emitting part 
is provided in that projection area. 
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t. mm.±izmm^itfz') y^tffu A (caP) 
1 1 1 - vmit^^^mi^m^imi')^ hfi. m i <7)^ 

21^2 n^mm I I I - vMb'g-iii^^*^:^ 
» 1 <r>-^mm I I I - vSi-ft-g-ij^ji^Jg t KM<r> 

3 1 ±fB<ostj^«js{c. 1 (o-^mm III- 
vMfc^!^*^^^ t , ^ 1 o-S-il^fe I I I - v^fb-^ 

fCl2fl<7) G a P -f - Ko 

61^2 n^mm I I I - VMb'&i^^Sft:® 50 

o^ffiw*. 1 <o#ffli^ 1 1 1 - vmit^^^mim 

M5ofprtt^^i3St:se*fe<oG a p?h^y^ ^- Ko 
7 1 » 1 ^-&iB« 1 1 1 - vmit^^^mi^m 

<^¥M« (S : cm2) S:^M1SMO*:*:<0¥11» 

(So : cmO iZML. PjI^^O. 7SS/So^1. 

«OG a P^^&jfe^-f Ko 

mntm. s] mi (o-^mm 1 1 1 - vmit-^^mim 
1 TiM 7 <oMti7>- 1 atcsB«a<o g a p^fi* ^^^r * 

- Ko 

1 ;i>S8 <0M^^*» 1 SUIBIROG a P^f&^^^'T jJ" 

- Ko 

1 0 1 » 1 2 <r)^m^ 1 1 1 - vsifb-g- 
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^' i t -Sr#g!c .h 1- ^ W*« 1 TIjM 9 OMtL*» 1 «tcfB 
' «<0G a P.^M^^^-f ^- Ko 

[tt** 1 1 1 ^ 1 <r>^mm I I I - V^fb^!fe#^# 
')>imm (BP) ^#^*#«;i>«<b««$ii.-C</^ 
^^i:?r#®^i:i-;i,W*]CBi;^Sl 0 <7?^*1.3&U i^t-SB 
m.<DG a P.^^^J^-f Ko 

1 2 ] » 2 <D^mm I I I - V^fb-^i^^^f^ 

')>imm (BP) m#^«««56^^«js$tiTv^ 

i.it5:#®ti--5,»*:I17!;Ml 1 1 :St-IB 

VL<r)G a Pm^lTfe^-f^- Ko 

[w*«i 31 miiSLifm2(r>^m^i i i-vMb-g- 
w\-<r>^) >itmm (BP) 

^«fiE?ttTv»^C t^!RFmt-t-^»*jSl7!;Sl 20 
^it-f)- 1 ]S(CiB1S<OG a Pm^Tfc^^'T ^- Ko 

14] 111 * ;t 2 <r>^mm III- VSlfb 
SS-e<^»lh1l?*aS:3. 0±0. 2i 
V^' h n h (e V) t-r^')>i\M^ (BP) ^ 

1 L $ tLT V > s c i: ^!|fgic t -f- * 1 ;^ 

^ 1 3 n^M- 1 JltlffilROG a P^f&jti^'f Ko 

[i»*«i 5] 1^1 f 7t{iii2o^flH?Ri 1 1 -vm.it 

^!&iti#^a^^ ^St:-0»ih1fi=ilS* 3 . 0 + 0. 2J:: 

L.^- hn^;:^-;!. h (ev) ;'-fbaffl# 

(BP) mii-hm^^fix\'^^:iti^t-tz>mim 

mm.! A OMtl7&» 1 :9(ICI2«<0G a P^H^^^'f 

Ko 

61 mitmzmx.hixx^^^:h%±mi)K mt 

UV-fb^'J-fA (GaAsi-xPx : OSX^l) 

WL^fix^^i,:itii^mt-rhm^-^nb^ \ sowtt 

75^i:St;fie«OG a P^.^^^^^- Ko 
I»««17l ^*§i:i--5.fltfb'J >"fb**') A (G 
aAsi-xPx: O^XSl) ICJ±, .^31? (N) *«^Jn$ 

tL-CV^^C tSr^Sfctf 6UlB«OGaP^ 

ffe^^^-f Ko 

is*^i 8] ^^mzm^hixx\^^z>^itmti\ sgfb 

'}>itif^)'^-l* (GaNi-xPx : O^X^l) *»<b«^ 
1 Jl(-fe«OG a P^.f&Tfe^-l' Ko 

191^2 o-^asfg 1 1 1 - vmit^^^m^ 

i:=Sr#eit1-^»*«l & 8 0*ir*t*» 1 auiett 
OG a P^fl^fc^^'T:*-- Ko 

[ai*3S 2 0 1 1 751i 1 9 OW*t*» 1 «(C|BIRO 

G a P^^lTfcr^^i-- K^fflv^yi^v-ro 

[tt^]«2 11 »*:^2 OHIEffecoGaP^I&^fc^^'f* 
- KS:fflv»/c7>'y*»t>j'^SIf$tvf>:^ifo 

mim2 21 «151tiea^±<^. f&36S|5<n-«^JS 

±tc^i o-g-as^i 1 1 -vmit^iSd^mwmifi^m 
«uft^»i <D^ai3gi I i-vm.it'^m^mwmiw^ 

*Lfct^{C, *H^«i«(c^«$ixn:»l O-fUSRI I I 
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^itw^mf&m i i iB:ia-e» i n^mm 1 1 1 - 
mi 1 1 -vKffc'^!^*##;g^fl^gtL/jf*, i&Tteiso 

fliJSS i 0 iffi:£-esg2 o-t-WiR I I I -vmit^!^^ 

mi^miMis.-f^^t'S:!wm.t-r^m^m2 2 ttzi±2 

[iB*]S2 6l »lS0'»2O#ll?RI I I-Vmit^ 
m^mi^^ ^^ 250"CJ^:i±750 "CJSlTOaft-C^* 20 

-r^^i:*#gii:1-^tt*:*2 2;^M2 5 eoMn** 1 
(ClEffeOG a P^^^t^^-r K<7)S4iS:^;feo 

[0 0 0 1 1 
to 0 0 21 

m^if. >; Xk*-'; (GaP) isfe^^^Tfer^"*- 

K (LED) *'~^*nT-*)^ (#3^: T^^^t'/n' 
'f;^«E^J ( (») 1 9 9 5^3^ 3 0 H§ltf 

118-12 iM#»?.) „ if-, I 1 1 -vmit 

(GaAsi-xPx : O^XSl) Mfe^L E D*«&tLT 
V^S (±f£co r#«^T'/N*-f XfitifeJ , 114-116 

m.X'i)^m.iV)>itif')'^^m.^n (GaNi-xPx:0^ 40 

**PII&$ttTV»4 (2 0 0 1# (¥fiS£l 3¥) 

4 8 ^T&,m9^m.^f)k%m.^m\9i^wtm=f'mm. n o . 

1, 425 31a -M- 2 „ 
[0 0 0 31 GaPLED{±±U^ 
ffijte^'^v^;!^ (LPE) *StcJ:»)fi!&mL/cSc5^' 
n>>-^- if^TCi) lgvM±^i-/ime]S<OJ?v»IRS:?lJ 
fflLTfl|fig$tLTV^-5, (G. B. STRINGFELL 
OWflfeU^, "High Brightness Li 
ght Emitting Diodes" (ACAD 50 
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EMIC PRESS (San Diego, U. S. 
A. , 1 9 9 7) , 6 - 7W#.BB) o ttz. |ae*<7)G a 
Asi-xPx (O^X^l) LEDJi^-^-Y K^-f K (hy 
d r i d e) %mm^^^\~i. *)^fgkVtz^fimi!)^h^ 

-\- fimnrnw^immLxm^^iixy^^^ (±150" Hi 

gh Brightness LightEmitti 
ng Diodes", 47-4 8 M#B?.) o Z.iXh<r) 
fie*OG a P^LED-CI±, §kitMt\.-E.T)mWlTSMi 

^m-t^tzib\,z^im<r>mm±.i5\.z^\fhix:htmw& 

itm \z3m-ti>im \zm.W:nuxm:f5^ \zw:WL^^h 

[0 0 0 41 -:^r-es *l!ll^JRj|fti3'«^ffi«fi (moc 
VD) ¥e(-J:^SSM*fiJffl1-'l.LED{c*ori±, « 
®mili:fl*«iSi:«0g6fil«iG a P^LEDS, :;^T-(± 
^v»(7);6t— jfte<lT-*4o ^<Dfztf>, LEDK»«oE«i« 

*i6ji-i£tit-r*-t ») «ffim«oi[T<oii^«[i* (^ 

if, «M^g<7)itf^ (shadow) mm.) izm^miz 
iM.xLxLt')fzt(>. §t±mm<oii:^i^»izmmx$ 
5;v»o vt^aio. n»miti:m^i-^tztf>(o-^m.tL 
X. LEDmwimmi9^u^^ij!^t,zjssn^fifz^m 

(±IB<0" High Brightness Ligh 
t Emitting Diodes", 178-18 

^fifzmm. EP*,, mn^itmmiz%%mi,zm'^6^iiz^ 

[0 0 0 5] LED{;*cTt±, «BiLffiih^(i, Sg^K 

ad) m,um<r>mmmm.(OT:ffi,z^m^iii>mm'»x 

-^^i^Sa^ ( (AlxGai-x) yl ni-rP : OSX^l, 
0<Y< 1) ^LEDtc^oT, laSray^' (bio 

ck) et ^)llff§;$i^-^,SB!^alh®l±> swi:si<osi5t 
m^<r>m^mm (±fs.<o^n^mmi^m<r>mi-mm{z 

ffl^-r^) (cE«-r^<7)56^-«S:Mi:^oTv»^ (App 
i.Phys. Lett., 61 (15) (199 
2), 1775-1777 M#M) o 

[0 0 0 61 s»Effijh«<i, 0!ix.{f, i^^yy mm) 
nm^mmitox'^^^ni-hmm^tix^^^^ (±ib<o" 

High Brightness Light Emi 
tting Diodes", 178-180 H# 
HB) o ■pljxlf, tz&5fc<r> (A 1 1-xG ax) y I ni-vP (0 
^X^l, 0<Y<1) *LEDtc*o-C(±, msEiaih 
m^pf^ (A I0.49G ao.si) 0.50 I no.5oP|&5fe«tc 
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ISc'a'^'^ nfi- (A lo.6oGao.4o) o.so I no.5op^'9 , 

•y vmnm-'^^H^i^'yt. (Mg) ^>-&xLxm 
3 2 6 7 9 3-^i^«#M) o tfz. v-rn^^T-r^m^ 

(DH) m&^itU<r>-mm.^X'$>:hpm (Mo.tG 
ao.3) o.s I no.sPigP^'^ y K (c 1 a d) Jf t n 
?K (A I 0.7 G ao.3) 0.5 I no.sPT'n y ^'8 1 (Op n 

Appl. Phys. Lett., 61 (1992)# 

[0 0 0 71 I I I -vmit^^mi^i^ 

-^'-'^^ ir- h' (LD) tci«-v»r(>. LED<OS»Effl 
6-12 7M#."B) o vftW 

5^ (BP) ■A-hm^-ti'iimMiimTji^fix^^i 

¥10-24256 o U >ft«B^<0^?S 

V) o«**iifflUTv»-5, (®±fB<o r^mi^T'^u ^m. 

Ib J . 2 8:M> ©RCA Review, 25 (196 20 
4). 159-167 RtK® Z . a n o r g . a 1 
Ig. chem. , 349 (1967), 151-15 

2. 0 ev t-r^') yimm^^hmi&^it^'b<r>t^j:-o 

TV^-z, (#|gT2-2 7 5 6 8 2-f-^«i, #^¥1 0- 
2 4 7 7 6 0 #ra¥ 1 0-2 4 7 7 6 1 
.ro.) o 

loo 0 8] tfc. ')>itmi^ii7 -< •y-f7.<r).i-^y 
m-^m-b^o. 0 0 6 f&v^ (y-<^} y -f:^m. r**#; 

S^ifeJ ( (#) 1 9 8 5^7 ^ 2 5 B§l JO 

=ff, »3fiiij) , 4 9-5 iw^BB) o ttz. m^\i. m. 

itmm (BAs) {cSoT(±0. 0 0 2 t :j->^-g-JS 

(±ie<7) r4^^«#:^^i&j , 4 9-5 iM 
#.B8) o fseo-c, ')>im.m (BP) mi I i-vMt: 

[0 0 0 91 

[%?g**)B*LJ:-9 t-r-Sltal GaP^LEDJi, 1^ 
—<r)m^-f}^h^£^^mW^<r>mW. (j^^: homo) « 

(-hieo r#3S#:T'/WXffi!tifeJ . 12 4-125 
M#.HS) l-H-5.5l*5fiJK<0|6j±3i^^t?#^.Sa (^7^ 
n : h e t e r o) ^-g-SS^tOG a P^LEDIiUffl 

«5iSr«fx.7t G a P^L E D=Sr»-6/c*&Ofi[?S(±|g^$ 
tvrv»^v»cOd?^t»cf {^JRO^i^^S'^liG a P^ 
LED{CJt«^LT, i l^^^SSSUffitu^G a PMLE 

<5, *-6v»{±, maE|!ajhf^ffl?rll»1--5tC*ja5:«S6fl} 50 
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^s^:■«^1-^/>:i^>ott^l^itasrj6■to75ws^:^:orv» 
[0 0 1 01 itz. m.^i.nmMmLmim^-rz>\,zm 

ij >ffc«l!3R^ij2.«<MO$|jh=!iri|lil±2 e V 

tm^iimciz^ u^-^m<r>m.WiW:-^nitr^nLxyi^m.m 

xh^tztb. m\izi.:b^imm.<r>m^ii^-ktf£<>x\^ 
t n XAii^iy-^tz (±fE«0(D4f gg¥2 - 288388-f- 

»E*>E?*e J: -5 «RiR(illS3t co^« L ^ ^ ;S 

IwflX I) ffi-t«ig t ^ o T v>-S, <0;5t-jK6<)'t L E DOWii 

[0 0 1 n iS*r-l±. »lh=^«M75f2. 7 e V 

i:x^t^^\.z±^ <, , mMMitm.m'k^fzirpnm^m 

#:*t#l±??:ftL^v^i: $nTv^-z> (±feo^M¥ 1 0 - 
2 4 7 7 6 0-^i&##HB) „ C:<Of>:*, ta&JfetCjS-v^T 
l±, «Jh*ipa*2 e Vt-f-^'J VfbflfflSRi:, gffcT;U5 
-'t'A (A IN) ^iSSi: <Oiei^«jt4rftjRLr, M 
iS^lh^fS* 2 e VJa±i:i-^«jt#:*#-£,M?S*^P§^ 
$ttTV»-|> (Jifieo^^¥2-2 7 5 6 8 2-^#BB) „ 

[0 0 121 *5IW<±> ±M<r>'^^^m<r>!K^.i:-^WL-t 
h-<<tj:^ixfz^(r>X'. (T) m^ffiihtigg^^Wi- 
-6, **«-&M*v»{±^7^n®>g-SO%*8I5Sr«x.fcG 
aP.^LED=S:««i-^/ci6C0S£W> i/t. ('f) m»i£ 

-So 

[0 0 1 31 ttz. ^^mit. ±.is.<r)wm.mimzm 

^$n7tS»!tffijh1tSI«jt^*fil1-^ G a P*L E D, 
i&mcHG a P^LEDSrfflv^Tty^-/ (1 amp) S. 

JiIBOG aP^LED. ■yJ'T', Rr/^^tii^JK^ 
[0 0 141 
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^XIBOl. 7!;mi 9. Ufe«0#Si:S:*-r^G a P 
4. mSfcCO^^g^TMi. G a P*LED{l4fat^^m 

JitCfllJl^ilf-:'; ^'ft**'; '^A (GaP) m^^l^yd^h 

f&^spo-ft^sj-s-g-LT, 1 o-t-snm 1 1 
I - vmit^m^mi^mi^^^ifhfi. m i <^#i3^ 1 1 

2. ^2 (D-^mm 1 1 1 - v^fk-^!^4i^#S35^ ^ 1 
jims*^«i)«St$tvT</»^>ct*!i#ati-*iifrfei. n 

I5«0 G a P ^" ^ - Ko 20 

3. ±m<r>mmmi,z^ mi<^^mmi i i-v^-rt-^ 

i^^^^s t > ^ 1 o-t-ans^ I I I - V^ft-&!i»#*#: 

2. lCtB3S<^G a PS^Tfe^^-f Ko 

4 . ±tZ<o^mmmz^:h^ 1 o-^flfflm I I I - v:^ffc 

^ t =S:#git-t'l.«rffil . ;'5M3. {Ztm<r>G aP^M 30 
10 0 151 tfz:^^m<OGaPm^±r'{:t-Vli. 

5. ^2 0#91S*I I I -Vi^'ft:'^!^^^*^^*^ S-g- 

^ti^W^ti-^o ±ieoi&gg(±, ^2(7)-&iiimi i i 

^^T-om^mtLXmmLX. ^-rnS-g-^itcOGa 
P^ L E D 4rJ&«t-t* <) Of*-&o 

[00161 tfz:$i^mG aF9h^±i^^:i-~h't±. m 40 

6. »2<^^«SfgI I I -V^f{:-&!gj#^#^^)B<02Fiii« 

» 1 to-g-an^g 1 1 1 -vm.it'^m^^wm(n^mm 
2o-^8ii«i 1 1 - vmit^^^mwrn^^imm^m 

mmtLxmm\^fzG av^.h^D^mm-t^o ttz 
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7. ' mi o-tmm 1 1 1 - vmit^^^mi^m<7)^mm 

(S : cm2) ^rft®mS<0S:^<7)ipM« (So : c 
-SISHa LfzZti!^t-ri>m^6AZfRm(^G a P 
[0 0 1 71 tfz. >k<OS. RZ/9. lZtm<7)^mii. 

mhfzG a P^LEDizm-t^i>(OX^^o 

8. »i(^^?ffli^i 1 1 -vmit^!^^mi^m:A\ 

;5M7. <omiii>-imizuiSL<oG apm^±y^^~ 

9. si2o#?sB3gi 1 1 -vm'ft^^^mi^mTiK m-^ 

7bm.8. (omM-i:miizmm.<^G apm^±r^:^-h' 

[0 0 181 ifz. ±ti(Oi. Jbm9. iz^m.<r)^m<n 

10. miRv'm2 ^Ty-^wm 1 1 1 - vmit^^i^n^m^ 

«r#8Sci:f-SGaPmi&jfc^^'f:i--K-CJ±, ftW^R:^* 
II Ji S K^wl&^l&W * fir X. G a P 5^ L E D 7j*«tt $ tt 

[0 0 191 tfz. ^nw-c-ii, -g-flisii 1 1 -vmit 

11. nmi5. at-lBffeOG a P^L ED^iift-r 

•5.0 4ft;, 1 4. s.ofi 5. «T-i±. mmmtLxiti-^ 

Srffix.7tGaP^LED*Mtt-*-;5o -r5rt>^,:*:5l?q 

1 1. »i<7)#i!mi I I -vMb-^t;***©**, 

>-fbiS^ (BP) m^^WmT!)'hm&^i^X^^i>Zti: 
!|#fS:t-t*fltfBl . 75M10. <75iBr*t;&''i:^»CfB<£<OG 

a P^.I&Tfc^^'l':^-- K„ 

1 2. m2<r>^mmi 1 1 -vMt-&!^*si*)i**, 
>-fbfli# (BP) m^m^mTb^hmm^iix^^^zti: 

^WLt'ri>mUl. 1. O'(BrtL;i>i:^u|B1R<0G 

a Plh^it^-i-^- Ko 

13. » 1 StK^ 2 <7>#81ll^ I I I - VMb-^!fe#^^»i 

m~(r>^)yitmm (bp) ^#s#s*^<bflifi£$ 

*tTv>^,ii:Sr!|#Sfct-r4fl5iei. 75^12. <7>^iM)^ 
l«HiB«OG a P^^ytV^:^- Ko 

14. ^ 1 S 7tl±^ 2 O-t-Wl^g I I I - vi^fb-&^#« 

Sia-C<7)^jh«««:3. 0±0. 2eVt-ti> 

^miB 1 . nmi3. Oi^M" 1 ^{CfElftOG a P*fl 
Tfe^-f ^- Ko 

15. »^ 1 * 2 1 1 1 - vmit^^m 
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wmt\ wiSLX-<r>mit^^^ 3 . 0 + 0. 2ev^-r^ , 

[0 0 2 01 t tz^^mxii. ±150 1 . 1 5 . 

\zw^<r>wn(r>mm~mx.x. >k<r>\&. st^'i 9. ]^ 

SrIBxfcG a P^LED«rtl«f -So -rirt>*>3|s:^W 
l±> 

>; 'i'A (G a A si-xPx : O^X^ 1 ) -6^f>««$il.T 

1 7. ^itmt-1ri>mV)yitif')'^l^ (GaAsi-x 
Px : O^XSl) (N) 3j*^*n$*tTV^S 

Clt4:!lfat-t-2)irlEl 6. {CIBIKCOG a P^Hat^^'f 

^- Ko 

1 8. §titm:.mLhitx\^^z,§kitm-i)K m.iV)>'\tif 

U^A (GaNi-xPx : O^X^l) :6»ib«^?i%TV» 

-geeo G a p r^rt-Vo 

1 9. ^2co^iiiB^i I i-vmit^<^^mi^mi. ^ 

^itV^^- KT-*)^o 
[0 0 2 11 i ;t*:^§g(±. iffiO 1 . -19. 
*>*G a P^lfe*^^^*- K-£r?IJfflL;t^02 0. 

2 1. at;i£1S0 9 >-7'*^t^(±7l&?lg-r-*^o 

2 0. BtrtSl. 75M1 9. OfpJix:*^i:^(iIE«OG a P 

K^ffli^»;t:7>7'o 30 
2 1. «rfB2 0. Uie«<!DGaP^#&*5^^5j--K«rffl 
V > 7 > 7';*' <c) f'^S $ n 7t *lgo 
(0 0 2 21 ttzif^mx^t. ±150 1. 71;^ 19. 
tc|5«ROG a Pm^^^^-r K*SiSi-^fc >k 
<r>2 2. :75M2 6. atcfefSOG a P^fljt^^'f K 

2 2. SSttiSB^B3l«±0, lil7feSi5<7)-«fiK§±lC^ 1 

±tcS!:»t-&«]iimSoi=f{!$«J*iii^1.05!?i=^««cHl£;5 

1 (n-^wm 1 1 1 - V mwL^^^m^^ * i^* l 40 

s*j^««c(c««§tt7t^i<o-^fliii^i I i-vmit 

m.m<r)mmti^mir:hm2<D'^mmi i i-vmit^k 

!^*S#e«:ffM1-^::t?:!|$mti-^«rfBi. nmi 

9. O'lBrtt^UJjtclSIROG a P^flTl&^^'f ^- KcOSS 

2 3. *ai±^B^B^±lc||jlc:S|5*ff^fi!cL7t:f*, ffe^tas 

o«fiee J: 0 i>&iM^xm 1 o^as* 1 1 i - v^^t-^t; 

#^^^®^:fl?)lSt1-^^i:S:!tfgltti-^t5f£2 2. tcfBIK 
OG a Y<nnmj^o 50 
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_ 2 4'. ««ii^^B»«±m&5tgBt»i o-^as«i 1 1 
' -vmit^m^^^mi'umx.tz'ik. ^im<r>m^mi. 

^ ^><B:ia-e^2 o^H^ I I I - VMt-^i^^^^^g* 
liim-^Z.t^mWihL-thm^2 2. tfzi±2 3. UfB 
«<7)G a P1^M%V^^- KOSiijS:^So 

2 5 . » 1 5.0-'^ 2 (D^mm 1 1 1 - vMb-^t;*«# 

g^l^— OiaaT-f^fiS:-r-&Ci:Sr#8it-t^«r|52 2. 
;i7M2 4. <0^it*»l]K{cK«<DGaP3%fl*^^^'5e-- 

K<osgjis:^fto 

2 6 . » 1 s,o>'^ 2 o-f fliB^ 1 1 1 -vmit^^^mi^- 

mi. 2 5 0 'CUl± 7 5 0 rWTOiaST-^fiKf C i: 
«:!f#Sfc4:-r**rlB2 2. :7!;M2 5. Of5ftL*> 1 35twK« 

oG a pmi^^^^-f:*-- Ko3ffiii::^fto -e*-&o 

[0 0 2 31 

imm (s i c) ^oi v^#-^f^#i©s3&*ii«t Lr 

mmx^ho tfz. m.itif')'^^ (GaAs) ^UVfk 
if^)'^A (GaP) igvWi'; >-ftl!?il (BP) (J. E 
lectrochem. Soc, 120 (197 
3) . p. p. 802-806. #.BB) , tfzitmtif 

'J A (G a N) 1 1 1 -vmt'km^mws^ms, 
mmx^^. m^. ^^m:^<r>m.^.i)-hLx. ca 

Asi-xPx (OSXSl) mi^itmhLLxmx.fzG a 
P^LEDUJi, G a A s*ieS3>«*Ki^?»«-e«)*o 

iqt:<. G a Pil5r^7t^i:-r-?>G a P*LED(±, G 

a P#^B%^*«t LT4fiiU«*-C#^o 

r-ir (a -A IzOsm^B^p) (ZnO) I? 

(omitm^m^. ^v»{i, ^ut:-?"--^ (Mo) 

m^,^m,m-^&^t x^xmmx^ho ^^t^-rm^gB^B 

[0 0 2 41 ll«±{;{±, 09x.if, I I I -vmit^ 
^m^i^i}-h^£Z>m.m (buffer) S^^LT^^e 

m^^tzw^nm^^Ht§'m^mt^hm^x'h i>o t 

fz. ie^T-«jt8;6»<b«)jKr-#*o 

&mzmito^i>mmmmimm.isii>fzh-riznm-c 
^io tfz. mmij[^(izmi.<r>s^miHLfzm.^i^sM 

^1-6i5'^<7)5l7fe<7)5it)ai t^(l?Pir[S)±r-§, iS)W«<7)Ga 
F^LEDi^i>t,Z^mt^j:i,o iS«)i±C^tt'btL 
4, 4*»fli:)B4:m8$-*T^:*#^«:# 
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( (^) 1 9 9 0^9^ 2 5 B^DiS^llBlJ 

. 18 1-1 8 4M#BB) ^^LTl&Tfca^lglt 

[0 0 2 5] ^itutimifkii^m-t htz)^<r)iMm^ 
T'*()ffe7fcs, s^ci±#— ^xn (SH) m^mm.mx' 

LT%?t:SC^«^^;S.o *:5l?g{C«t>^G a P^LED 

•r-S«ik=S=l@4:*-r-& G a A s 1 -X Px3j-t>«fiKi--S.o 
[0 0 2 6] (quantum we 

1 1) m^t-hi^mmx^i,. m^\t. *-4i^#p 

(SQW) «jt*/w{±#S»^^#P (MQW) i)-hmWL 

^■^^^ i> o r i&^s t-r^zti>r'^i,, 

[0 0 2 7] *l&?gT'(±. H^SPJitC-f il# I I I - V 

-So -i-fflB*! 1 1 -vmit'^'^^m^m^a. m^i£. - 

te^B o A 1 ^ G a y I ni- , -,5 -y Pi-« A s a (0 
<aSl, 0^/3<l, 0^y<l, 0<a + ;8 + y^ 
1 , 0 ^ * ^ 1 ) T-*IB$tt* I I I - VSlfk-g-!^#S 
^*%.5.o t {«Jx.(f> — liSj^B a A 1 ,j G a y In 
i-.-^-yPi-o-Ns (0<aSl, 0S/?<1. OS 
y<l, 0<a+^ + y^l, 0<dil) "CSIE^iX 50 

ic(±, >fl:T;i-5-'^A • ffle^zSa^ (Ba A 1 ^ p : 

(B.GayP:0<oSl, a + y = \) SgvWi V > 

vcmm- -o-y^^j^m^sk (b. i m-a p : o<a^ 

1) -fymTr-x^hr, ttz. mx.\i. m.i\:')yitmm (b 
pi-xNx : o<x<i) ^it'(nim.<nwmjtmimmt 

[0 0 2 8j BJJ£<osn< >imm (bp) tf^i±jitfb 

fflB« (BAs) (±, ^ :t >*S^75Jffiv^ (±fE<7) r^a«[ 40 
^^ife-^i&J ,49-5 1:R#I!B) o ttz. -?-<7)igSffl<4 
«cfbS«&ie:M (spharelite) ( JifB<0 f** 

^^^-^^J > 1 4-1 5M#H?.) -e*!?, ^:^^n^m<r> 
mn,'i-^<r>mi^mM^^m\^x\^^^ {±m ^m. 

mM. 1 9 9 l^F9^ 1 0 B^fir*0)!£) , 1 7H# 

v^flJ*76^-*-^,o tte-oT. SUfgt, V > (P) tfzlim.m 

(A s ) im&Ttmt Lx-ttt^mm 1 1 1 -vmit^ 
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[0 0 2 9] mmm±mii. ^^m<r>m 1 ffymmmmx 
i±, m 1 Rirm 2 (o-tmm 1 1 1 - vmit^'^^m^i^m 

im^^^xm^-t^o itf&X-ti. l&:)feSPO««Stc« 

-i-i-^^=sr»i<7)-t-a!i^i I i-vmit^^^^m^^mt 

m 1 <o^mm 1 1 1 -vmit^!^^mimizmw.'&<r>m 

2<7)^mmi 1 1 -v^f[:^!ij4^«#et«'^$-ii--5>„ 
ii5«tito^ 1 I 1 1 - vm'it-k^^m^ma. 
±:ffizwtif h iih mmw*^ h umm.is.<r>m.T<r>^itu 

'^O L E D ffif*miiEOMi^fi<>SE ji «• fflih-r f^ffl 

Ti:x^<r>ws.\z^vxm.m^-^^v^mi^-ti>o bp 
[0 0 3 0] mm.^<r>m 2 o^njg 1 1 1 -vm.it^ 

i •) ^j*^2fif. L<(±3«fU±i^v^:»}5t^ 

*i--5)ji5«tte;i>f>» 10 1 1 1 - vmit^^^mp^m 

6B&«r«^T-§;.|,o iSStSO® 1 (0#ai^ I I I-V^ 
fL-^!^#»#:^OSJS:(±, Mt L < (4 1 0 0 A 
(fi) M(cMiL<{±l+D:t-A (kfi) Jii± 

x.(f. jl'S<0*-;u (Hal 1) 3c»I*>W^*^^U<t 0 
ilB^-C^^o »1C7)^11«I I I -VMb-&!^*##:S 

mi-mmjm^^^immmtLxi>mm.m.itmimi^x 

14. LEDOBl:^[pjmflE (Wffl, Vf) imm-ri>tztf> 

[0 0 3 1] ^^m<r>m2<r>ntmmx'ii.. mmmM 

S6ffl5ft«:p n«#«S36-<b««i-4„ p n«^«iiJ4, 

fssf^«-iia-r-i.»i fc » 2 <o-i-«s^ 1 1 1 -vMb-^ 

3RI I I -v«ifi:-g-«5it5.a>#:st, p'B<r>^wmi I I 

- vs5fk-^«&*«'iiw t (om^^mm- 1> p n 

i--&o pn«'g-«jS(4, -?-o^+';Tift)S (miftSsK 
VM4«^-iftJS) IcJ^-tt-S.^ (0) /^*'f 7X-e<7)2gS« 
(depletion layer) 081$ H^tLTzM 

(A. S. Groov^, fPhysics an 
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d Technology of Semico pdu 
ctor DevicesJ (John Wiley 
& Sons, Inc. , 1967, 159 H#aB) o 

%fiMz, ^mmi 1 1 - vmi\:^^m^<r>-mx-i> 

Vftaj^ (BP) (Nature, 179 (No. 
4569) (1957), 1075 M#SS) <r>itmM.^ 
\tm&. 0 2t^S$*tTV>^ (W. A. />';v>3l, 

rH«j<^s^«sttiit {±m) J (^fti^, 1 9 

8 7^5^3 0 Bmi~^) , 1 2 2M#HB) <> 
[0 0 3 2] «»£ffiih*St66|5J±, LED]Eift«»E*tt*& 

■t^')-vmiwmrrz>tztb<r>-^m (pad) ms^o 

#^tr-p n«-g-«di?:«fiS;-r^o FOxtf, 

KSi- nf^o^ 1 o-i-ai83g 1 1 1 -vmit'^^^m-w-m 

?r«^$-*Tp n«#«ji«:«^i-^o ttz. tfJAlf, 
nff^GaP|&7t^(r|±pf^C0^lc0-t-lj«I I I -V^ 
it^^^m^m^^'k^^X p n^-g-^i^^fllfiStl-^o 
:*:|&^W||3 c7)^J4Jg,^H|e«<7)f&§gtc#*3-5, p n^f 

Pit « , * 2 <^ii*sB,^. n« *> s p n g-g-flfs tmm<n 

mMmimmim^^tz-ri)K p n«-^«is^ofli)Ss 

l^mgEaihfflp n«-g-fl|i®Sr«^LTV»;5<7)S:!i^t L 

10 0 3 3] ii5«i5t^agvnip nS'^«it;6^'b^^«»E 
ffijh^tiasfi^W^-ri.tC^o-C, ^10#«8*1 I I 
-V^<t'g-!fei|5^^ft:8iC«'g-§-li--2,^2 0-^ffl!3RI I I 

mi 1 1 -vi^fb-^i^^^^^^o^^tt^fUfflLTSP 

J.oi«)W)t<OG a P^LED4r»-5JcS& 

1 o^mm III- vmit^'^^mimommimm 
irzmzm 2 <7>^mm 1 1 1 - v^fb-&«5*j»f*:8 «-k 
It, m2ff)^mmi 1 1 -vMi:-^i»4^3r#ii±(;«® 

-Cl±, ^2 0-^8II|fgI I I -VMb-&-tf*^«^03im 
It^flJfflLr, ra«F«J07K¥*j6jULEDffitt«»lES:^ 

(0 0 3 41 01Jx.lf, t liEigS top nS-^M^ 
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T, gifel&*«l^H:^S^.<«^-r-5.i t75^'T-i-5.o fie 

o T, ^%m<r>m 5 coiisfeff^,^-c-i±, n 2 <o^«g^ 1 1 

70 1 1 LT, iS«*<7)G a P^L EDSr»^f-r^ 

ffln^^i I i-vmit^^mwmnmmmm^mtm 

U't'A (GaP) O^^'t (homo) g-g-^iS^&TfcSe^ 
ISx-ZcG a P*LEDtC*oT(i, n?^<OG a P^3fc« 
l-pff^O«f2<7)#ffl!«I I I -V^fb^«&*«Wi«r« 

[0 0 3 5] fe 2 O-^WS? I I I -V;^fb^%45^ 

20 T:^-c«'&f'&ii 1 o-g-flna? 1 1 1 - vmit 

fil-^wttci »), LEDJEi*m»lE*:^t!cT'#S«Jt* 
mmrr^ * * o » 2 <7)-i-5B^ I I I - vSjfb-^i&^^^S 

|&§g<7)^6 0*i&B,^-CJ4, Wxlf, ^lO^flll^I I 

I - vmi\:%m^m-wm<r)mmiww. loo, » 2 
mm 1 1 1 -vMb'^i^^^'ft^s^wpifcjfeaiso^M 

iO [0 0 3 61 iSlc, SSEffiihtllHtgP^rfllfiSi-rSfP lO-i- 

tir^t^ LEDIEIj|«5E<7)iia'L**iait$*t'2.^i^*^li 
tDi--i>;t«6, ii5)*)^OG a P^,LED=S:»'5>tc:T:fP'^i: 
^^o ^MS«l<7)S:^<7>2p®S (=So : cm2) tc*t 

L, ii:TtcEei--5.^i o^aBiRi i i-vmit^m^ 

*#:e<0¥®« (=S : cm2) (Ditm (=S/So) Sr 

2 t-r^t-'^nm'f-ii^mm.mz^isb^wM.^ 
±.^mu<r>m.i^-i)*-kttjii,Km. iap§&*^^<7)«®m 

*^^tC«/hStt-5. S«[]K<OGaPmLEDS:» 

40 SlCTpfP-^t^So ifw, S/So**~0!lx.lf, 0. 5VX 

)W)t<r)GaP^LED=S:»-&{Z/f:flJt^:;5„ fl«>arS/ 
So<7)teffl(±, 0. 7^S/So^l. 5Xhi>o^^m 

(om7<^mmMm(o-mtLx. 1 2 0 fimt-t 

&PiM<r>mM^mmU (So#l. lX10-''cm2) tc 

1 <7)^mm ill- vmit^m^m^m ( s % 1 . 5 x 
1 o-«cm2 ; s/so=i. 4) imm-r^mybm^fh 

50 tli>o 
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[0 0 3 7] mi Rirm 2<7)^mm 1 1 1 - vm,it^^ . 

f- (mi sma t c h) IC H ^ ;^ 7 -f y h (m i s f 
i t) <gfii:^<0i»a^RSO|&^S-Wli|IJ LOO, AK<o» 

\<r>^mmi I I -vsiff:-^^«#;)l*<>f^fb-f c:t 

[0 0 3 8] ttz. ^^^<nm9<r>nmmm'(^\t. m2 
<r>^mm 1 1 1 - vmit^i^^m^m ^ m i <r>^mm i 

^ir^m2 ff>^mm 111- vmit^ik^mwm ito 

ii;5o *7t, iiisyfS^2<o^«i?gi I i-vmit-km 

-5. ^ t tc i t) , m^i£. M.iti-^j:mm.m.]kim *f&»r-§ 

[0 0 3 9] 2^||?gcO|Sl OOg|Jfef^j^.{cfE3S<755&?gi; 
I I I -Vm'fb-g-i^*«fW3J'e>«SllfljhtStg«l5«^«r8l 

Lrfltftaum (BAs) *0!ltc^{f^{C, 2 5 

^m2 <r>mimm^ t X'm.^mitmmu&imjs.-t^o 

mx.l£. T)l^^)V (a 1 ky 1) SS^-fb-g-tJ/*;^ 7 -< 

y (PH3) iwMmMocvD^mzmivi£. ±ie<o® 

O-^ffll* I I I - V ^-f b-g-t»#S#:« f> tL^ 40 

t-n-^mmi I I-vm•^%*«^M^*»»'b^^s< 

izmiommx'^i,o ^^^nW(.^Mi^m&<r>^mmi 1 1 

-VMb'g-!^#l|«:>B»±, iK>5 0 nin-*Sjl 0 0 0 nm 

m^mm<r>mmizmmi-^^^m'S:^naLx. 
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[6 0 4 Ol MOC VD^atCfcV^T, {aix.{f, f&Tt^ 

t^i-'j ^-ft^'u-^^A (GaP) m<o~^6^^j:mmiAm 

i±7 7 Sr-S 2 SIC-C*^ (J. Crystal G 
rowth, 56 (1982), 382--388 M# 

BB) „ L, %7feSI5<7)«^^OfiS;^iaiSJ; t) <{>® 

«^S<^#ttO|»iW^iffbS:E*JhLoo, mx.l£. ^^m^ 
tttcftitS p n«-^«jS«r«^t?i-5,flJ,*C*«ab-5,o # 
{c, »1SI>'»2<7)-S-«B*I I I -Vi^ib-&!i;i|^*^e 

iwi-<7)&mx'^m-r^zti,zx<o. mm^Bt<o^mz 

[0 0 4 1 1 :^^m<7)m 1 1 <7)*jfef^@.-r-(±, m i <7>^ 
ffli^si 1 1 -v^fb-^^*##:e* >; >imm (bp) 

i^tii. mf&TtmtLxmm (b) (p) 

tri I I -VMb'&iKJ#^as^-C*-2.o ±fB 
i^p:o<<»^i, a + i3=i) ^')>'ftmm ' i^f') 

(B . G a ^ P : 0 < a ^ 1 , a + y = l)r- 

Mx.i£. M1t')>itmm (BPi-xNx : 0 
<X<1) ^rf<0ltlS:<^V^7C^«"g-tr1tV^I I I- 

vmit^^m^wxi,^^ ')>itmm (bp) fijiieo 

9-5 1K#BB) „ ^<ofciif>. BFimi^nntLX^j: 
hBP m^mi^^ h li, SS'tt<^» 1 III- 

vmit^^^mwm i iSimzmwi.x # * fij **** o s 
BP*#«frr-i±, 09x.if, (o) ^riSin-r-?. 
i t J: ») , jis^^ois 1 <7)-^?ffl« 1 1 1 - Ymit^m 

[0 0 4 2] :^^m<r>m 1 2 coHifefl^j^T-li, H 2 <7)# 
«lK7n3gt Lr«3g (B) RV'^jy (P) Sr-^tr I 

I I -vMb^fe#^#:-eife^o ±ie<osp 
<Wx.i^, >fbr;u5-'i'A • n^jfts (BaAW 
p:o<«si, o + /3 = 1 ) ^--fbSB?^ a 

ffiS (Ba G a y P : 0< a ^ 1 , a + y = l)fab 
ttz. 0iJxlf, Sfb'J>fbH5g (BPi-xNx : 0< 

x<i) ^£t'<Dmm<ovm7cm^^tTmvmi i i-v 
^fb'&i^^^^t?*^, ')>imm (BP) {±, flffbn 

(BAs) e-e(i«:v»*», «ri6wftl< >f :=J- Vj^-^** 
ffiv^ (Jiteo r#aj[#:S^|&J , 4 9-51 M#BB) o 
:i<7)fztb. BPimim^tLX^£:s>BP^^m^^'h 

«i, »mi4osi2o-^ffli5gi I i-vm^t^!^^^^i^m 

>1 0 0 0"C) IZitnLX. BPHmm<^.X^:b (>3 
OOOt) (±feo r#^#:T'/<-f ^^mifej , 2 8J[# 
IB) o e!oT, *)RSRJ*T(~*^tt4tt»»cHoTfe, « 
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i-n 2 <n^mn 1 1 1 - vMt'^!^**^^**^) 

(0 0 4 31 2fC|&gBlC#ib-5,»l 3o«ifcjg,^-c 

\t. m 1 1 1 1 -vmit^'iiii^mwm 

llS«6S:*7ti-pii«'g-«it«:«fl!ci--So ^<O«fiKtc-0c-6 

nmitimmLx. m^m~mtitz') >immm^^^i^ 

n^t#S'f$:<^'J XtH^ (b o r o n monopho 
s p h i d e) i: LTm^iaiht^lfeSCeSrfll^-r So 3 
«<Ofl}BS;x3!?*^t>:&S3 7C, Sgvw±4a«ofli«7C^3j»<b 

tC?K^T-iS (±IB<0 r4^»#:7='/<'1' XWIfeJ . 2 4M 
#BB) o e^oT, "JV-fbH^ (BP) 2 7CSB^S*?IJffl 

^ o 

10 0 4 4] 3f:||ig(c#t)S U ^fbSai^^.^iS^Jlli. 

MOCVDSdnst. Phys. Con 
f, Ser..No. 129 (lOP Publish 
ingLtd., 1993), 157-162 M# 
m) . ^^^x.t'^'drv^^P (MBE) S (J. Sol 
id State Che m. ,133 (1997), 
2 6 9-2 7 2 K#BB) , /n^ ^' K ( h a 1 i d e ) ft 
(0 rB:*:^SfiS;ft^^teJ , Vol. 24, No. 2 
(1 9 9 7) , 1 5 0 WRIT® J . A p p 1 . P h y 
s.,42(l) (1971), 420-424 M# 
,»?.) , Syf-'W K^'f K (h y d r i d e) S^CD^ffl 

itra*ii!iiLTiiHj«i-e§So mx.\£. mocvd^^jc 

>; >'ftSlli^m#*^*:^^«^i-S{C(l, b>)a^^ 

)i^mm ( (C2H5) 3B) (bhs) 

V (PH3) ^v»|±hi;jc^;i.ai5g/v';}?9> (B2 
He) /*X7>f>m, */c{±, Y')J^^n^mmtf~ 

V -r -< -r^^P (tert. -buthyl) ^iX^-f 

[0 0 4 51 u >'fb«imm#»«jeii^i^i^^SS::ttc?S 

tPt^v^TV K-:/ (undope) m-A'hm&X'^ 

^v>{ip?|^yF*Eij«-T»-r Sfc, ^SOStrC-frW^S U 
>"fb9!ll^m4^»#;e?r#S^ t;6^T*iSo ^x.lf, II 
^tlSi-S3EI& (Zn) ^•7^^^,v>t'A (Mg) ^?^*P 
•rtttfpBOU >'ft?a8m*#^^ft:Jl;6*#<b*vSo tfz. 
ajR (S i) ^® (S n) I^OSII V;^7c;3!?«:^iD-rtL 
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J8 

■M(S)^-tU> (Se) cOj^iJPtCioTt nff^V >1t 

mmm^mi^mi'^^ztA^x'^i>o mvim<r>7tmx 
*s**, (o) iv-y£>^-r^f^mi<r)^m 

@x.SiS5ia<i:-rs<0**at Lv^o IIL, 1 2 0 0*05:® 
X. S i: -r S t B 1 3 P2 ^<0#gfl:o%^**ii^ i: ^^ 
•9 (J. Amer. Ceramic Soc. , 47 
10 (1964) p. p. 44-46. #HB) , ^ V V 

(0 0 4 61 i/w, :'ffc8H?g^4^3f^<o 

mM-f)^li>:ii\.h<7i-^m>}i'< -^^ (ion) itAtC-tKo 

»**abS (#gg 2000-35169 2-f-5r«l#BB) „ 
L, -?-<Of^<OT--;w (anneal) tcitj itAtcH 

t;®^ ^ i^iJPT- § #r flJ1Mr-*> S o K - kf >■ r t ;t l± 

LT<>, igJStC7n5R«-^iPi-S t U >fl:lS?gm#i[#:)S 
<oSH^Btti±a'fct>tvS;^c*, ^*iEtr<oj^flPl:{±:^Ji, 
TigK{rLT5X 1 0'9cm-n:JLT{Cihi6Ti><O7j^M 

If, -teWi:2^'f :*->'g»^3-«f*fe (SIMS) ^<^^5- 

[0 0 4 7] 2t:%^oSll 4 c7)*Jfe?i^j^r-li, ^ST-<7) 
50 «ili^^4r2. 8eVJil,±3. 2 e VBLTt "TS U >"fb 

0^1 5 0*Jfeff^.^.T-l±, SiaT'0«jh«ilS?r2. 8 e 
Vjy.±3. 2 e VJJ]LTi:-tS*fi#:<7)'J >'-ffclB«)i;0-'b 

%mmi I i-vMt'g^^*aj#:a*«jsi-So ^it* 

ifiiitRix-if, m.mmw¥<r>&wm (=e2) oiaft^si? 

1t5*>t>*i6e>tLSo «fKgl^2^<Odltfc«|5 (e2 = 2 • 7 
• k) liJ:.'; (ellipsomete 
r ) ^(ryUitmx^mz X. I) 18156$ tLfcHW^ (= 7 ) 

40 (=k) jJ-fb^flBfiS ( n I I-V^ 

'fk'^4^3J^j ( m) ^saji, 1 9 9 4*5^2 0 B 

mi^W,. 17 0-171 H#.W) o 
[0 0 4 8] ^ia-e<0^ih^Jfi|B«r3. 0±0. 2 e VJliL 

Tt-rs'; v-ftani^ (bp) ii#ic, fiS:«jS«t)^fKo 

tt*&Jt^05l:^SrMe$it7t«EHrt{cS5et- S d t ic J: 
•)?i^«-e#S (#S2 0 0 1 - 1 5 8 2 8 2-f-Wffl*# 

hb) o ^SiSSli, fiFt L< (±, 46E^5-2 OAJ3Ut-C3 0 
OAJ-J-Tt-tS (±fe<0#^2 0 0 1 - 1 5 8 2 8 2-§- 

#,^.) o fKftaJS«r2 0 A/m i n*SI<Ojlv»jIffii:i- 
50 St, ^««SW*»f><7>'j > (P) fl|«7c3g5KvWi-eo 
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^:W»*-^3js*-i,o 3 0 OA/mi n ^rSx. ^jlv^figg'ig 

[0 0 4 91 if^, sKSiilKtefHirT, IgiH-^tt^&ik?^ 
«r4f i L < <± 1 SJiliT-e 0 Ji]I.TOilH(-a5t-t--So B 

^KB7h^<r>m^ (B) i!gott«&atc*t-r^'j V (p) 

j(eott*&4<7)Jt$-eab-5.o t/c, BP^aSiSr?i^^-r«. 
*^lc*>oT(i, D?^ (B) S-^tcI I imSS.<r)'^tt<r> 
tt^i;*H--5>x (P) 4:#trV^iKO'^ti-<7)tt|& 
gOit^r-^^o ';>"ftfflB«- ^Vv-t/A (Ba I ni- 
.p: o<a^i) iiS«r?i^^-r*^&^*«^tz-r*L(f, 

fiKRS:i&*(Ctt*&-t-2, A (Ga) Mt^>i;^i^ 
(I n) ?li<7)|g:l:tC*t-t'5.> (P) jli<Oft*&»<^Jt 

^T-i-So BP*.^ §fffl, V/I I lJt2?f*^o V/I 

L<l±^v^o tfz. V/I I IJts??r6 

x.xm.m~-kt-f^t^ •fb^»^e<;{ciiT'; > (p) 
> (p) i±, igst&^-csffl?R (B) ^^d&wi-'^ieetc 

K-^-- (donor) tLXm< f^fl^ 

^mm. r^L s i u^f^o^N^^^tf i o o * 

(5) J ( m ^-Att, BBf05 9^5^ 1 al&^f. 

hnr:^;;^SI2 9^1^54?- (BBffiS 9# 

(P) <0»|&ffl(C^1f LTLtx.(f> fi^JtOpff^^B^ 

[0 0 5 01 3(c|l?9U«t>*Sztk±18*6SCfi:«:«gt-r 

^ U >-ft«B^^.#$ft:S{±, »ih^^ilg?r 3 . 0 ± 0 . 2 

If, »ih^i?««r#5;2. 3 e Vi:i--&'J>'fk*"';'!7A (G 
a P) (±U<0 nil - V^-ft^i5#S#J ,150 
H#BB) t , 3 . 1 e V 1 1-^ >itmm 

(BP) ;6><c>J±, miaT'0^jh=^l|S**Jj2. SeVtf 
Xbflifg • ^'•J (B0.62G ao.ssP) «: 

<r>BPi:mmLtz<r>Xli.^ a:^T't G a PO^ihlSilfiT- 
$>^2. 3 e V*S|Offi:V^^ih=^i|SOB. G ai-a P 
(0<a^l) iSSLTj'fl^ffiT-^^rv^o 

[0 0 5 11 :^^m<omi 6 <r>mmmmt^ii. i&^tc 
stff; >fb**'; (G a A si-xPx : o sxs i ) 

fflW^TG a P^LED*«^i--&o pMRVnlf^iK^ 
mmr^<OGaAsy-xPx (O^X^l) )B)J»<b «>^36IB 

«r«^r-§^o tnixif, a« (S i) ifei.M4x;p;p (T 

e) K-tf>i^Lfcnff^G a A so.sPo.aS^S^ib*^ 
r-i^o (Zn) (O) t;Si*K-e> 

^^§ix;tp?KGaPe*»ibfl|^-ei*o GaAsi-xPx 
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(o'^x^i') ®ii, ±ffi<7)^ffifiStK^si;iiPx.r, ffi 
■ ffiitr^' + vY^p (LPE) ^etcfiKo-ct^i^r-i 
-60 

[0 0 5 21 Ift;, :*:|feW<7)»l 7 OSIMfl^gg-CJi, S 

* (N) ?:?S*DL;'wG a A si-xPx (OSX^l) H?- 

LTfflv^TG a P*LED$r«fiic;t-^o 
a« (N) h7y7'(isoeIectro 
n i c trap) t LT^ini L-Jt G a A s i-x PxS 

/O -e^^o S^^iDGaAsi-xPx5&5feS<±, }effij^t:> 
*v-vn. (LPE) S,. -'^■7^ h* (h a 1 i d e) fei 
/cl±/^'f h* (h y d r i d e) te^OjKfflJSS 

(VPE) ^mziiL^^mmizr >^-r (nhs) ^ 

^mm^mnmmm (mocvd) suitj^iRi^ir, 

T>^-T (NH3) ^bK^-xV (N2H4) «^<OS 

^it^^im^mt Lxmmimn-rtumhft^o g 

aAsi-xPx (O^X^l) IfeTfcSlC^i-tir^aSgcOll 
^•iftlStLrii, 5X 1 O'^cm-HJli-eSX 1 0'9c 

x.i±\ -^fi<;'fc2^>:'f ^>Kl:^*fffi (SIMS) m<n 

[0 0 5 31 ^^m<r>mi 8<r)mmj^m-cii. mtmi 

BiV) >'ftif') '^^ (GaNi-xPx : O^X^l) H-h 

mj&-ti>o mx.ii. mmm.!&tti3% (=o. 03) t 

i--i.2::firsonJgG aNo.97Po.03 {^^^^=4. 5 

3 8 A) fs,mm±mf)tuiSiimm.-r?>')>'(m 
m (^^i5:=4. 5 3 8 A) miz^=?-i&^-r^^itm 

30 mill - vmit^^^mwm ^z^=Fm^-ri>mm^ h 

^t^«^-«^^^ G a P^L E D $r«^T-# -5.flJ,^C:d*^* 

-So 

[0 0 5 41 ^^m<r>n 1 9 o|iig?i^jg-c<±, m2<r>^ 
mm 1 1 1 -vMt'^!^*3*^e=Sr, ^i^tJUcg-^-f 

KESSt trHSLTG a P^LED«r«fig;-t^„ # 
tc, ^Jh^ifl*3. 0±0. 2 e Vt-f 

tztt>kz^tft^fit:m:mizH-t:hmmmt Lxukmx-^ 
h%2 <r>^mm III- vm.it^^9^wm ^mm.-^ § 

^„ ^xif, ^ih«ipi*3. 0 e vt-r^'j >'fbSra3K=& 
L;tlimafiS:JtSrO. 9 0 t-t-5.Bo.90 A 1 o. lo 

pm.sk<r>m.m.T<nmitmmtm2. gevt^r^o 

tlihffi|lSI±G a P<0r^O/<> K+'-V •y-T' (= 2. 7 7 
e V ; ±feo rH#<^«^-«^i:^tt ±«J ,269 
H#.B?.) 4:±ll.& *)<0T**.5)o ia&oT, Bo.9oAIo.io 
50 P iES«*» ^ l±, » 2 <0#«l5g I I I - V«lft-^^« 
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0.90 Po. loil^feStc** LT^' 7 y Kf^fflS:S{J-r»2 W 

#113^ 1 1 1 - vmit^^so^m^m ^««r- ^ ^ o 

[0 0 5 51 ^2 <^-i-fi!8« I I I - vmit'k^^mi^^ 

a pmLED?r«fiS:-r-§^o «aix.tf> m^m±i<zmi<^ 
<o^mw~M.'kofzmmzm<o. mi(o^mmi 1 1- 

-t-Hi^I I I -V^-^b^!^4^^#:®S0^"g§Pl§*««^^- 
mi I i-v^ffc-g^^^^i^ssrifta-r^o 

[0 0 5 61 i7t> ±lfi<0$P< vftSH* (BP) 
(±B PmffiBli{±W«§&7feM<0^B^BT-* ») , ^<^tfi:^^ 

<^^<> Kflfit (±tBo r-fb-^tr^^^^^o^^gi^liAP^J 

Xif, A:^Bli«oa'ffc*''; -t? A (h-GaN) t{±t>cra:i^ 

'5>o 2::^acOG ao.75 I no. 2 sN§l:JfciS %:)lc:?fe 
fi«r*fl4 4 3 nmfci-^»3^feOjfi?^^****5cit$ilS 
/w«i). pBBo.9oA lo.ioPi&H^t nff^G ao.75 I n 

M<r)mt LT, B0.90A lo.ioPiSStG ao.7s I n 

o.25Ni:l±ra— co^i^S85: (=4. 6 2 8A) ^^l"^ 
(^:^Bl<7)gft'f (InN) 0^&?-^m(±4. 

9 8 At LTftff LT*>-5. : ±ie<o n I 1-vmit'k 

m^^m . 3 3 OM#.fl) o BP*., 3p:§|^o$P< B P 

[0 0 5 71 fjt^jc^eHi, ±SOG a P^.LEDSrffl 
v>T5SjSL/ciS5)*S(OLED9>y-eab'l>o ta|x.lf, H 

^ I I I - V«lb-&%#»f^*«f^)i 1 2 *ffix.7tL E 

D 1 04:. 5±<7)a (Ag) M^^liT S. -'^ A 

(A 1 ) m(o±m^m±Lfzmi$-i eo^'^scic^jssj 

1 1 OJi5MtcKtt;t-«l14<0*W1Sffi 1 4 Sr^ffi 1 5 ic 
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•tn(fLED9>7'*«)jS;T-i-?.o ^^igtc'tsn 

(f, |^;2 0 0 /um-^^3 0 0 ;«mA<7>/hMLED9>-7' 

LED 1 0<7)^«®mSl 3, 1 4I±, ■€-tl.5)?:f^ 
iO ^-r^^ff^^eUitL^t-? y (Ohm i c) g)®^ 
Ki:irUm^hm^X'^i>o ^Jxlf, p®S i 
<^«ffii:K:tt**BSMli, TfH-'^A (Al) , ^ 

(Au) ^*»ib«^T-i:-i.o n?g'; >"ft*"u ■^'A 

(G a P) migB^H^O«®S«*t#i: LT, ^ • 
■r=.f7A (Au • Ge) -g-^^;5«fia|^T- # * o ttz. p 

m')>imm (BP) »sjs±ui4, ffiixjf, ^-agis 

(Au • Z n) -^#^*»c>i:*p?^:t-^ -y ^'mte?:^ 
ttTLED«r«*1-^o 
[0 0 5 81 ttz^^^ma. GaP^LED*fltx./c7 
20 >-7'75-'bf^®$tL;t3fel!S-e*>-5„ t^x.lf, LED-f-^r 

mx'^^o ifz^ m.^&HzmHzV4:i--Vy>nm 

.^,ttizxi)^iim.min^^^j:^^fzi^. t^^s?.tL 
xmzmmizmmx'^^o mx.(£. <^<*An°pos^ffl* 
mtLxmmx^:ho tfz. mx.^£. sn*^#, 
30 m^i^m-t^fzKxom^^. u^^t^m^WL^^immm 

[0 0 5 91 

um] ^ftm<ommmm<7>mBmmizwtifhfifzmi 

im^m.mz:^^^im^m^mr~=^'&-r^<r>iP5it-t 

xmu^fitzii^%m.mk9^<o^n^itwi.m.\.z^mz l 

40 [0 0 6 01 if^m<r>iim}-i^-E.\.zm.t-ri>mi'BLXf 

^m'9M.<of^i^mmz9 n^^i)-hi3:z>isMm. 
itmmn^ S: ^> 7t t> mmtm<r>mmmmz:^z>^^ 

[0 0 6 11 :^§tm<7)f^ 1 ffy^mm 1 1 1 -vmit'k^ 
^mi^^^tr>iz^ n^i^miiL<^ms iz ®m l fzmitmo 
~mf&^t'i:^mi-^mizwcnhtifzm2<7>^mmi i 
I - vmit^^^^mi^ma. m i <r>-^mm i ii-vm 
50 it^^mmttmzisMmLmi^^kt^-rhu^im 
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fiSLT, »)-f^ji!iit-^<7)LEDffilftmiS<7>»£ji^l»Jt-t-^ 

1 0 0 6 3 J ^1 <7)-^iffii* I I I - Nm.\Y.^m^^^m 

[0 0 6 41 «®SSO«:fc07k¥liflS«tc*tLa56§ 

ttfc¥M«sr^-t^^ 1 <o^ffli^ 1 1 1 -vmt%m^ 
mwm tm2 (o^mrn 1 1 1 - vm^it^m^mi^m t i)- 

[0 0 6 51 m^^^^^mi><r>-mnsLm^z^=?-m^-t 

hmi<r>^mmi I I -VMI:-&#*S#:SJ±, 

[0 0 6 61 m^^^^?kmi,<r>-mmi^-~.^=f-m'k-r 

[0 0 6 71 0&9itfzit^f^&i!)-hKei>miRVm2 
[0 0 6 81 ')>im^ (BP) ,^i*i^#:^75^^>>5^'S» 

1 o-^amss 1 1 1 - ymit-k^^^^i^ma. saEmibf^ 

[0 0 6 91 XkUfg (BP) 

m 1 ^^11311 1 1 1 - vmit^^^mimit. ^<o^ 

[0 0 7 01 »lh=»i|IS«-3. 0±0. 2eVt-ri>')> 

itmm (BP) ^^-^^Jgiy^jji^ifljcou vfbffli^ 

.(boron monophosphide) t^h^^ 
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[0 0 7 1 1 

immm] miRi>'m2 o-^u^ 1 1 1 - vmit^^^ 

i;. *ffitto^ifgfB*^e>=fc^*«i 0 1. i&ptei 0 
2 , ^11 o-t-is^ 1 1 1 - vmit^^^mi^m 103, 
» 2 <o#ii3R 1 1 1 -vmit^i^M^^i^m 10 4, «»E 
ffiih^tiasei 0 5<ioji:^{c^tt/c«ssffii 0 6, # 
10 ^^mm 1 0 1 (Dimiz^iffz^- 5 y ^j^ttosffimffi 
io7oJ.:nT, mi7bmm4<r>m.mmi'b'=>r:$:^mi: 

[0 0 7 21 mi mmm) m 1 mmmt,zmt>hG a p 

^LED 1 AOBrH^^IH^riai tc^-to ffc, I12tz 
LED 1 ACO^HI^^gi^^-ro 1^, mT<0»17i 
M»4O#^Jfe0!lUS«'V»T, 11 i:««ll3K(Cov»Tli, 

(0 0 7 31 1 jlJ(g0IJT-(i, ( S i ) K--/n 

(10 0) -'J ^fb^-'J-^A (GaP) 
20 1 0 1 t L;to fl*« 1 0 2 l±, 

->^;U (L PE) #g-e9 5 or- 9 8 OVTI&mL 
tz. mm (S i) K--7'nf^GaPlg7>»«b«^L;^Jo H 
1 0 2<r>^^'VTW^mi±m2 X 1 O" cm-sr-* 
Sl?(±*f;3 0 ^mt Uf>:o iJt, ^t/tm 1 0 2tr 
IS, ef-ii-T. S^lS«tCLT^6X 1 0'8Jl^=-/cm3 
(N) ^r^mi^fl<J h7y7'(isoelectr 

0 n i c t r o p) t LTiStnL/io fl*)S 1 0 2± 

t-i±> |Bii:<?Sffij^t:^^->^;i'^gtC'tKO, soot: 

- 9 0 orr'SiS (Z n) K- 7"? a P)l 1 1 1 ^ 
30 mmLfZo pMG aPm 1 1 l<r)^-\r>)Ti&mii^fylx 

1 0" cm-sfc ei?J±*!;l 5fi,mt LfZo 

[0 0 7 41 mi (o-tmm 1 1 1 - vmit^^^mit-m 

10 3t±, h 'J j:--f-;H8* ( (C2H5) 3B) 
1- > (PH3) /tK^ (H2) m^-JEMOC VD;ft«-J: 
I) , 8 0 0 'C-C«S$-»i:7tmft*0*ifeBli«^ U >fbfllfg 
(BP : 1§^S»:=4. 5 3 8 A) ^"bfllfigLTto HI 

w-g-flH* 1 1 1 -Ymit^^^^mi^m i o 3 {±, mm 

(O) imML-o^m.mLfzfztb. m.in.'S:m2. 5kn 

t-r^i^&ws tti^tzo isim.m<rtm 1 o-t-ajsR 1 1 1 
Ttc m 1 (o-^mm 1 1 1 - vMb-^t»*s^« 1030 

TSBIC{±, 51^1 0 2*ir-tGaP (1§^-5gi^#5. 
4 5 OA) t<0^1h^m^iiStnflLxm&mz9kfli> 

m 1 <7)^mm 111- vmit't^^m^m ^n^a^fct^ 
(~> JiiaoMoc VD^si-'tK'), 3 5 0 "Cofes-efiS; 

IRLyt:'; >"fbW?l? (BP) *»^^:-5fi:i£iS«J»l 0 8Sr 
^^E$*f>:o i&^mmm 1 0 8J±, T> V--f (u n d 
ope) <Onf$gr% SJyti*5j5 nmi: Uf^o 
[0 0 7 51 » 1 n^mm I I I - V^fb'^^S**:^ 
50 1 0 3 O^S«:*?.T L/^^, SMmS 10 6 (O^^WiL 
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1 0 9 (-K •) > mi O-^H* I I I - V^ft-g-%f-*#: , 
S 1 0 3 ?r»gSHir/.-o ^^r^or^ijf A^iJ (7 * h 'J v> 

±mm. 1 1 0 (ctt^ II 1 o-i-n^ 1 1 1 - vm^t^f^^ 

1 0 3 i:J^y^>iri,zX 'OB^Lfco nW.^-^t: 

1 (o-^mm 1 1 1 - vm^t^^^mi^^ i o 3 

S=l. 1 X 1 0-" cm2) o »1 O^aH^I I I -V 10 

#*r, rapf§3t«*S{c:t-6ffi:iaiS«e 1 0 s i»*T 
^fflB^K 1 1 1 -vmit^!^^^mi^m 103 tn&ra-o^ 

SiJK*ttc^a?-*fwo ?F55r«S 10#flBl3RI I I-V|^ 

it'k^^mi^m 1 0 3 s.i>'fi:iaM«Ji losim^^^^ 

hizii^ r;wn'> (Ar) (CH4) -tK^ 

(H2) ?S-&:<rx^ttffl-t^-7'9X-rj:. y^>r#a* 

fIJfflLTto 

[0 0 7 6] mi <r>^mm 111- vmit^^mim 20 

1 0 3 'Bum'k^wmm 1 0 & imm^t 1 0 9 izm^L 
xnm^'tfzvimx'. m 1 (o-^mm 1 1 1 -vm^t-tm 
^mi^m 1 0 3 (omwRifma^itmi^ 1 1 0 csm l 

/-:||3feei 0 2cO*®i:-^||2<7>#ai*I I I -V^^L 
^^^m»m 1 0 4 X'U^LfZo 1 Il*fe0!f-C(i. » 

2 O-^li^ I I I - V^fk-&!^*^#il 10 4 =£r^iaT- 
Oilih*ffiS-*f;3. 0 e Vi:-r-5)#fi#:0'; ^ftllifi? 

(BP) :6^«b«)SL7t:o ^ ^i" p ff^G a 1 1 

1 1 - vm'{t^^^^i^m 1 0 3 (i, ±fia<7)Mo c v d 50 

^^immLxm^ (Zn) S: K-trv^^LT^SStt 

II 2 O^fflSm I I I - VSiffc-^^i#-»#^ 1 0 4 o 
^^r';TiftjS«±*^6 X 1 0'8cm-3i:L, ®JPJ4*^0. 
5 /ti m U^o 

[0 0 7 71 106 <OStJ^«iS 1 0 9 tCfil ») 5S 

m.^-^fzm 1 <7)^?ffl^i 1 1 -vmit-k^^mi^m 1 0 

it-k^^mi^m 1 0 4 tx'm.mmitmmu& 1 0 5 ^« 
WLLtzo :^mi^mmizn^^x. mi<r>^mmi 1 1- 

Vtkit^^^mi^m 1 0 3 l±. ^mm.i:yi^X^^:hfz 40 

mma. 109 102 -^s^wuatii-r^o 

vi^fb-g-^^^^^s 1 0 4 <±iii (D^mrn I ii-vm 

it-^^^mi^^ 1 0 3KXoX. HtmmtiL 1 0 9 -^OtK 
aSr|5E»$*V7tK»mSES-raPI&*«*Kl 1 0U*2:»$ 

[0 0 7 81 SHmSl 0 6{±. It^««cl 0 9<7)±:fr 
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' p ff^o^ 2 o^fiim 1 1 1 - vmit-^^^mn-m 1 
' 0 4 i,z^Lx^n/zo mi(nmmm.i 0 9o>f'6t^ 

®«Sl 0 6c7>tt>.C^t{4BS— ifc^-tirfco :*:|| 1 HJfeCTT- 
*MmSl 0 6 4-itSl 2 0 /imfc-r-aRJi^-C, 

^wmi 0 Am-b^hm^z^ • si& (au • z n) -g-^/ 

-•y^^u (N i ) (Au) 0 3^S^^*S$-*;^c 
*^^*8i*»?>flf^L;t:o SHSSl 0 6 0*.^tBr®ffi 

(=So) <±|Jjl. 1 X 1 0-" cm2 t^t). 
¥ffi« (=S) tcOJt^ (=S/So) (llt^ioi^Jo 

a.m'^f^^msLi 0 1 oiE®oB&^®(c(i, iEMSffil 
0 7Sr^Jt7to ^mimmmxit. ^ (au) o^i^i? 

f> - 5 y i^^mm-WS. 1 0 7 L^io 
[0 0 7 91 «Mmffil 0 6 ^^J^ (pad) Wmt L 
•C^HSriiL, LED 1 A<7)^ffimSl 0 6:^0f«®E 

gi 0 7 mzvtfjm~mmmMimm.Lxui t-iE-r^i 

jt#ttS:*t-SG a P^LED«:|t/Co * 11-14, 

OG a P.^.LEDcO#14fl|^#-<irTIEfgf -5.0 t«*i^G 
aP^LEDtll, l|lSO''IS2<7)#fflB^I I I-VSl 

it'km^mwm 103,1 0 A-fy-h^ii>n.^m:.m.m^ 

GaP^LEDJitj&*<7)M^^JK<?)*ijl. 5f&tiabfj^ 

OlKlgHlSttlf (J. Crystal Growth, 

221 (2000) , 652-65 6#BB) , 1 * 
i&0l|<7>G a P^.L ED 1 AOPP^ifc^^l 1 O/i'-tjO 
mtim-xh-otzo C:tt«bOA»ir|§3fe!|t14«4, 111 
<7)^lBmi I I -VMk-^^4^*#eu<R^SjtKSlh^ 
ffit^a-^oT, Il2<0^il)3?l I I-VMk^%#S#: 

/cG a P^L E DtC^6<>{I/§i^$tt*fl3fe^r-* 

^ o 

[0 0 8 01 ttz. ^mmikMrnU^ 1 0 5 cOlSfillM 
(^M^Sl 0 6 cOl^g^ffiJt) i:ggP%*««l 1 0 t 
(0^H«<7)Jt¥ (iiaoJt^S/So) ^umtx^tzfz 
H:^i6]||l± (vf) oet'tiiJn:**iHiii$*t;t (^1 

BB) o ^mvM4^2o-i-iii«i I i-vmit-^^^^ 
^imx.fzGzj>m\.K\3imm.x'^tzo 

[0 0 8 11 WT<0«1 tClll:trr6imsE4: 2 OmAt L/^ 

*ife0«t-#*>*LED (sii:: r*%?gj ts&ie) tee 
*o L E D t -e^tJt $ -^Tisi-o 

[0 0 8 21 
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(SI) 



[0 0 8 31 (^2 ® 1 mMmh\m<r>nmm 

E D 2 AOlSfiii«l^«-«^6<l(-EI 3 H^-fo 
10 0 8 4] GaP^LED2A(i, &^m\,^>k<r>W^ 
■h^hmWLhtZo n?BG a P**SB^a^«l 0 K nBG a 

p^itM 1 0 2 , » 1 (r>^mm 111- vmit^i^^^ 

1 0 3 , » 2 O^Ufg I I I - V^fb-e-!^^*#:)B 
g 1 0 6 , m^B^B^te 1 0 1 <^«®{C^(t7t^ - ^ yi^ 

^<r>w^mw. 1 0 7 o 

[0 0 8 5] *»2*ifefiaiT-{4, m\<r>'tmmi I I- 

VMk'^^**^:^ 1 0 3 Sr-7^^?.->H7A (Mg) K- 

-rffypWi-') >imm (BP) 7>»f>«figLfco tTti, pff^ 

<0|| 1 <0#li^ I I I - Vmit^m^^^^ 1 0 3 n 
MG a Pl&3fce 1 0 2 <r)«ffi{rit«, «-g-$*TiS:ttT 
v^;S.*d-*^gl*ife1l!li:{±S^^o » 1(75^1!^ I I I- 
V^fk^^#S#:»i 1 0 3 lim±^<IS^¥0 3 . 1 e V i: 

■r^Bpm^isi)^hmm,Lt:o »i<o^flB?gi i i-v 

[0 0 8 61 »i<o^«smi 1 1 -vmit^i^^^mim 
1 0 3 n&m^^TLfz^k. m 1 nist^ufBisoip < o 

i y ^ > i^^eiC'K t} , 1 0 6 <ow.T<r>ltimm 

« 1 0 3 S:]^S$-*/Co #f=HirT, l8Plil*«J*l 1 0 U 
li. G a PH^S 1 0 20^M*Sai?-ti-/Co -ti-i 
*J-JKII^1 0 9 tCffi^Lr, nff^G a P^ptei 0 

2 1 p 1 o^asfg 1 1 1 - vmit^m^mi^m i 

0 3 top n«^«3i;5»e>S»Elflih«S«Bffl5&l 0 5 Srfll 

[0 0 8 71 w.m.m±mmuiiL i o s ^m^L/zm. m 

1 <r>^m^ 1 1 1 - vmit^^^mwm i o 3 1 c < 



(-i5«Lfc^><Oi:l^-<7)^2<7)#ll?RI I i-v:^fl:-& 
1 0 4 immm 1 0 9 S0>'^P^7fe«lt 1 

1 0 ^^ai--?.«tc^tt7to k2(r>^m^i ii-vm 
it'km^mim 1 0 4 ±ni4, ?g 1 *istf!i{cfs«i: r- 
20 <r>w-mTimt%mm (=so) mmmi 0 9 

0»f®« (=S) i:(7)it^ (=S/So) ?r 1 tf-i.* 
WmSl 0 6 ^T^fiL/io ttz. n?g^^S*«10 1 

10 7?rEeLT, LED2Ai:^L7to 
[0 0 8 8] i<7):|t(C«^$ii;t:LED2 A;4^<bl±, fll 
*|fi]«»SS:2 OmAi: L^'j^tc, 4"'C«?feft**i> 5 6 0 n 
mt-t-5Sfi^*7&*|l3fe$tL/co ***fe«ait::#*5^>LED 
2AT'(±, l3PM3fe^«l 1 OllJ?-v>T, pff^c0^2<D 
^lUm I I I - Vmit^^^m-im l O 4 t n^^C a P 

30 ^itmi 0 2 t<op n^&^mw.—^7-^ (SH) m^<o 

M5fcSC**fll^$*Lrv»^7t«6, «^*OG a PMLEDtC 
Jt^Lr^2f&0*5jl 5 5 'Jijyr^ (mc d) <01i5^ 

^smsR 1 1 1 -vmit^m^^wm i o 4 (±, i^sn Sr 

«E^a T ^ iSil f 1; t L T coj'^ffl ^ L 

»l*Jfeta|<OG a P^LED 1 AUJtLT i t^iSS)* 
S<OGaPmLED2A*««tT-*f>:o 
OLED2A-CJ±, G a PB?:flJfflL;tt^J|5<0G a P3j» 
40 ibJi-S p nS-^M**«^«^LED(C^i: LT|g46^ 
ith-^^ ';^5'(thyristor) liS.*!) K 

S (***fe^-CI4n?gG a P^^S 1 0 2) 
*-2,^2<0-t-«li^I I I -V^fk-^i^-iH-^^^^ 1 0 4 

-^--f •JX5'^rg|Hi--|,>;H-/N'y^' (me 1 t b 
ack;" LIGHT EMITTING DIODE 
S" (P r e n t i c e -H a 1 1 Int. (UK. 
1 9 8 7) , 5 0-5 1 M#fl?.) ^SL'tv^MOC VD 

SO O A*T.r</>^.<^-C, U;^5'^S6=S:f**>5rv»G a P^ 



29 

10 0 8 9] im^^mm) i8fi:';>'ft*'';f ^'(G'a 

Ni-xPx : O^X^ 1 ) •b^h^£^^itmi'Bx.tzGAj> 

10 0 9 0] 114 (i*^3*J61?!lU#*?-2>G a P,?,L E 

[0 0 9 1] G aP^LEDS Ali, ^^m^^>k<r>W:'M 
*>t>«fiKL7to nf^S i mi^iSafe^l 0 U nff^GaN 
o.97Po.o3l&^t;8 1 0 2, p3^0»l <0^«83gl I I - 
V^-fb-^^tJ^S 10 3, nBOte2 O-f I I I 

-vmit^^^m-w^ 10 4, mMmitmtm^ i o s 

<o±:^iclS:it;t«sllM i o 6 , ^^s^ i o i 
M»-^ttJt:i--5 •y^"ttO«mmSl 0 7T-**o LE 
D3A-C(±, t^lS.t>'»2<7)*ife0itZ|E<R<OGaP^L 
EDIA, 2 AtliM^t), #|SS^«1 0 1 ^G a P 

TG aNo.97Po.o37&>ib^ifcai 0 2-lrfl|^L7to 
[0 0 9 2] nBG aNo.97Po.03§l*@ 1 0 2«i, T 
>^^> (Sb) K--rnf^S i*$SB%*«l 0 1±H 
Wi\'ftz')>imm (BP) 5i^f>^r'2.|t«S*^tt$-frT 

ssitfwo isarSJi, 3 5 oroeia-e^iRL/j^fSRo 

UV-ftflim (BP) (S»=5nm) «b fiiS^ffi 
g 1 0 8 t , ®SMff« 10 8 ±(C 8 5 0 "CT-Se 
/cS i K-rnff^^^SBP (Sff=0. 4A<m, ^-V 
'Jrift]R=9X 1 O'^cm-3) *»c>^*)i5iai^«IS 1 1 
2 i:*»ic.«fi!<;L/^ (*Sl#itU S- 6, 0 6 9, 0 2 1 
■?-#BB) o B PeS^«S 1 0 8 ?rEfii-tt{f , S i * 
^B^^l 0 1 i:<0^^-/p^^j6^iS*n$ti.-C*gB^Blt(~ 
«tL-5,%3fe« 1 0 27j*^,/jC,$tL^ (±E<OUS-6. 

0 6 9, 0 2 1 -^#.8?) o w&mmm i o 8 Rxf^is^m. 

aSS112{±, (C2H5) sB/PHs/Hz^-^ffiMO 
CVD^^ICJ: i)«ft$-ii:;^C3j^ ■(fe«7>fiK«¥^, 00 x. 
{f, Hi®<tffl!3(l (BC I 3) y^^it')> (PC I3) / 

ejvVol. 25, No. 3 (1998), A28M 

-So nSG aNo.97Po.o3|&*Jg 1 0 2J±, ±fB<Z)';> 

(BP) :*-e>'fc^JSSiS«e 1 l 2Jilc^ltfCo 
10 0 9 3] n?i^c03ir:^^G aNo.97Po.o3 (^^5e85: 
#4. 5 3 8A) 'a'Sr-SI&^S 1 0 2±tC(i, fl^tS 1 

0 2 t«^^^-&**;t:i-Mg K-:^pfl^'j >itmmm 
{mm=o. 2 m, ^•v';ri»K= 3 X 1 o'» c 

m-') 4r^S (^"y y V) mi I 3 t Lrmmt/Zo ± 
IBOnJKBP («^5gjgc#4. 5 3 8A) ?*iaiS«S 1 
12, nff^G a No.97Po.o3*jfe® 1 0 2 t pff^B P 
(^^5eSfc% 4 . 5 3 8 A) 1 1 3 tX'^=Fm^ 

m<r>p nm-^mf^rfi^^T-o (dh) «igcoi&5tgis^« 
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tO'O 9 4]* pBBPKSIl 1 1 3±{;(±, nM<r>mi 

' (D-^mm 1 1 i-vmit^^^mi^m i o 3 ^^ttyt:„ 
^ 1 <^^?i« 1 1 1 - vmit^'^^f-mi^m 1 0 3 1±, s 
i v-rfnm')>imm (mm=o. 2/«in, ^^'Ur 

iftS=2Xl 0'«cm-3) 75»ib«*L/Co ^1S.?>'^2 

AH* 1 1 i-vmit^'^^mi^m 1 0 3 tcjfeL, «®m 
fill 0 6 <7>*i-iK«^ 1 0 9i,zm*)mi<o^m^i 1 1 - 
vmit^f^^mi^m 1 0 3 ^^e$-<i:7to raaii 
io 5t««i 1 ot-i±, pWi^BPmmmi 1 3<o*®^sai 
$Hi:;to ^tix'o. mmmmizm.*). pji^BPgEKsi 
1 3 fc nM<r>m 1 o-^aiiai 1 1 1 -vmit^^^m^m 

1 0 5 i:m^LtZo tfz^ Si K-^G aN0.97P0.03 
(e^=0. 2;um, #^')T«jK=3 X 1 O'^c 

*-T (NH3) (N) MtLximx.r^tT±K. 

OMOC VD^StClSO 9 5 OrT'^ISLfcOlC^tL,, 

«s 1 1 1 1 - vmit^^^mi^m 1 0 3 (±, j: 

20 I3®S<7)8 5 OVX'^mttZo BP*., » 1 O^IB3!lI I 

I -vmit-^^^^^m 10 3^, %*sc<o«^e 1 1 

2, 10 2, 11 3lc1§^^S'^i--5,#^##iH.,J^f,«|^ 
Lfz±iZ, ^^Um^m 112, 102, 113J:»)?) 
fiiST-BKBULr, 5lil&ei 0 2-^<7)^SisKv»{±Si^o 

10 0 9 5] mm^mmi 1 1 -v^<t'&!^^^«:« 
1 0 3S6wcsP5i*«i«i 1 o±u(±, mKo-tmm 

111- vmit^^^m^m i o 3 1 1^-<7) s 5 0 r-e 
i&mLfzMg v'-ypM') y^mm (si»=o. 2^=/ 

iO m, 'J TjftJS= 2 X 1 0'8 c m-3) :;5^(b^^^2 CO 

-i-n?^! 1 1 -v^fb-g-ife^^^ 1 0 4 s-iatt^to b 
PiSia^we 112, BP 1 1 3 Rxf^ 1 co-g-flK 
mi 1 1 -vMk-^^***® 1 0 3i:^i:<, 1^20 
■^mm 1 1 1 - vi^ft'&^^^^^^s 1 0 4 j±, ±fs.<oM 

OCVD**9:(CJ:»)«lg|iSJSS:^2 5 nmt L, V/ 
I I lifc* (=PH3/' (CH3) 3G a«*&Jfc^) 

5 0 1 LTfigiKL/^o ^<omizm.'m^^im^-ri>zb 

ICJ: f), JilEO#e 112, 113, 10 3, 104 

40 <b«^$;*t^ '{><Ot ^ofco 

[0 0 9 6] *f^««l 0 9<7)Ji:^tc«^-t--i,t|2<0-t- 
Wm I I I - VSl'ft-^*^*^** 1 0 4 <0*lii±Ufi, 
E 4 tc^-r¥®B<^<^*MmS 1 0 e^rft^L/Co *® 
mei 0 6I±, ^ISl (**>•?' -f >r) W;ti6TO<7)(t''6 
«S {W^= 120 fxm) 106a t •€-<0*'L,^-C*E?!£ 
L, mU§t±m.iiLl 1 0<O*j-A«Sl±(C®«$ -11:3^2*0 
^i^mS (i|li=3 0/im, ft$=3 0 OA<m) 106b 
t-h^hm&\^tzo ^mmM.1 0 & & ^ iO&h<r>^Vc<r> 
¥ffl«i±> e£oT, *^jl. 8 X 1 0-* cm2.!:^o7to 

50 3 *Jfet«l<0*H^«« 1 0 9 li, 1 0 6 t R 
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# • (A u 9 5Sft% • Z n 5*»%) -^^^^^'t) 
««L7to nf^S i 0 1 0«M<0(5 

{?:^ffi(C«±, 7JW5->i7A (Al) -h^hU^nm-^-^ 
•y i'14<7>aE®mSl 0 7 *?|^^LT, GaP^LEDS 
A i:^L;to 

lO 0 9 7] 3f:^3llifet^Jll'^*>^LED3 Al±> 2 0 
mA<0)lS:^|6jSal<^a»E^tcJS'i/»-C, I&3t4''ll>a^ft«:*t; 
4 2 0 nm<!:-t-^»^3fe^Si:»tL7to *7t:. liP^^feffl 
Ml 1 0{rS$'»t-&^*O^JS*Be*|j-i:-r-2>LED t^: 

SI 1 3 i: ra C < 7 hVN':/ V^^r y -f(r>% 1 c^^fflSR 
I I I - V^fb-g-®*«f^S 1 0 3 p ng-^^ii 

(;uw) ojsttt^o^co ittti. iLwmmm \ i 

2>'aS2 0-g-8ll«I I I - vm.VC'^^^^m 1 0 4 4r± 
>fbas« (BP) ■h-hmm.\.fz:^t\z^h. >9m-^<r)^ 

*»t>««;L;tCi:, (n) ^ 1 sy-'* 2 O^fflB^ I I I 

ST-^ML/ici:, 3fey="tc (-) ^\ikvm2<o-^mm 
1 1 1 - v^ffc-§-!^4^##e^±gfi^Me 1 1 3 

)««Jh?i?*l<0*S#:>J XbSB^g (BP) li*»c,«^t^J 

O^XOai L5^:|SHfi|^l^G a P*L E D ?rJI«T-§ /io 
[0 0 9 8] (»4*iS0!)) ^lSC>'^2<7)-^ili^I I 

I - vmc^^^^m *Btft u >\\Mm ( b a s i -x 

Px : ofix^i) tL. ^^s^rSfb'; >fi: A 

(G aNi-xPx : OSX^ 1 ) i: L-C«*$ix/iG a P 

*L E D *«^u \^x^w^^^m]\-^tmirho 

{0 0 9 9] g|6<i:4:^4%%^(:#t><&G a P^LE 

D4 A<02p®^5S:(2IT-*-5,o t;t. 117(4. I2I6U5i$ 

[0 10 0] GaP^LED4 Al±, lfe:*:6«J»C^>:<7)5l^ 
75^'b««L;to pJl^lEI&K-TTJtffcsyU'^A (GaA 
s ) 1 0 K p BG a A s 1 -X Px^^d 1 0 

2 , p ff^<75» 1 (^-^flH^ 1 1 1 - Nmc^^^^^m 1 

0 3 . r^^<r>m 2 <0-^8ll3R I I I - VMfc'&ife^^^a 

10 4. m»itiaib*sttspii 1 0 5o±*n^(tfc«Mm 

ffi 1 0 6 > 1 0 1 cO«BC|Slt7t>J-- 

■tiOitSmffil 0 7-C*^o LED4A(4. » 1 75M^ 
3<0|6ifefia|tc|B«OLED 1 A~3 Ai:^±S^^^>lfe«*i• 
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t m 1 S-o-'si 2 1 1 1 ^\m^%^m i o 

"3, 1 0 4 ^-^IJfflLTWfiStL/Co 

[0101] 07 IC^-r L E D 4 A«^<7)«e«it#T' 
J4, pfl^GaAs*.ifeaig«l 0 1±IC. -JK6<;^5!r'j 
(Ga) /'T;^->> (AsHs) /P H3JR)^:.^,/^-r 
K^ffi«:S (VPE) (JifE<r) n I I-V 

mt^^^m-m ^ 2 6 2-2 6 3 M#.BB.) U J: t) . G 
aAs««l 0 10«lBJ:»)SJ?(^liiD*r6ltcak3R (A 

s) 'mL (=i-x) ^wmi\'~'&T%^. 

70 -C, 'J>a«Jt (=X) ?rltme<)lCiiiD§-<ir-2.a«^E 
?r#L/wG a A si-xPxasK^lBeS 1 1 4 Sr^ttfCo at 
^ (As) (nWSMmt^ GaAs^jgaH^l 0 1 a 
OS-g-^Sr-l. OtL, tt J: 19)111*^6 ;umtcpjJS 

«Ffi<;tCfifeftm'^«r)PH3lC*t-t--5A s H3<0tt*&»*«iP- 
$*Taffi4aBe«r#Loo, (Zn) ^rf^JPLTp 
BoasK^^gSd 1 1 4 t L;l:o 'J T»ftJ±:*cJL. 1 
XI 0'« c m-^i L/Co 

[0 10 2] G a A si-xPxa«43iE)i 1 1 4 JilHl, 

Jt^O. 5 t-5gt1-^3E«& (Zn) (O) 
K-fcTV ^^LTtpJKG a A so.sPo.sfl^e 1 0 2 Sr« 
S §-*7to ^« 1 0 2 <^«t3SafiS:Jt5-a^4UKJB 1 1 

4<7>^M<7>Bt*afiKifci:|SI-i:-r^Ci:m: I), ^^<o 

tzo G a A s 1 -X PxS^^ES 114 li.Xf%itm 10 2 
*tI7 5 0'CT*gt|g|l,;to l&^Sl 0 2 <DJil?{±*fj 4 A< 

mtL, «MfflO*f;l ;«m<i0)P$O«^(Z{4Mm?:T-Y 

iO IcM-tt-SS^JIi^-co^^^iftKfi^^j 6 X 1 0 ' 8 c m-3 1 L 
ifto fl^feSl 0 2 0^^';TiftJS»±*5;4 X 1 0''cm-3 

[0 103] pff^G a A so.sPo.s^^S 1 0 2±{: 
»±> nWMV)>VcMm (BAso.iPo.9) mi)^hUh 
% 1 <r>%Wm I I I - VSlft-g-!fe*2»ft« 1 0 3 =S:«e 

^-tir/co » 1 (r>^mm I I I - V^fb-g-I^^S^:® 1 0 

3{±, (CaHs) 3B/A s Hs/PHs/Hzm-SDEMO 

(mm=o. 1 /um, ^^•;raift=8x 1 o'^c 

40 m-3) t Lf^o » 1 O-g-SHf^ I I I -vmit^!&^^^i^ 
e 1 0 3 l±. 10 2 cOfifelRiaS J; 3 5 0 

V-Q&mLtz^^n (amo r p h o u s) St Lfco 
:^ff)Xo iz^itm 1 0 2 '^<^*&^5i^v»J±jRS<0#ASr 

[0104] ^1 Tb^m 3 oiiife0!li;fe«o$n < , y 
^ > y^^^iisMim 1 «o-i-?ffli3is 1 1 1 vmit^^^mi^ 

mi 0 3 IcitL. f^iS.-r^*MffiSl 0 6 <7)|ft^®j^ 1 

0 9 icpi 0 m <7)^i!?^ 1 1 1 - vmit-t^^^^i^m 1 
0 3 inm^^fzo ^u^itmmi i ou(±. p 

50 ?^GaAso.5Po.sfl3fclll 0 2<O^M*Stil$-*7to 
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[01051 ^1 <7)^mm 1 1 1 - vmit't^^mi$-m 

1 0 3 3kvi.zmn^±miti i o±n(i. mi<r>^w&m 
1 1 1 -vmit^^^^^m 1 0 3 tm-(r>3 s or-c 

m. ^-V; ri»)t= 2 X 1 O'* c m-3) ^ -S. » 2 O 
-^flUfgl I I -V^ffc-g-^^t^^i^^:® 1 0 4 ^ISttfCo * 
aS<0» 2 0^113^1 I I -V®5fk-g-t;#^^#:S 1 0 4 
li, ±i£OM0C VD^gUi iJfiglRjSlS^rfiE^l 5 n 
mtL. V/I I iJt^ {=PH3/ (CH3) 3Ga§t 

«1 0 4Sr^llh«1SS:*f;3. 0 e V tl"* B PiHia;6"b 

[0 10 6] m^mmi 0 9(r>±:fji,zmM-t^m2<D-^ 

mmi 1 1 - vmit^^^mi^m i o 4 osBJitcji, 
in 6 izm-rm < , m^fmm^<^tin^t^^z 2 oosb 

0 6 irifc^Lyio ^M^SlOeti. 2 520^53 
«:L ED 4 Ac03Sffit-¥ff UTEfitf^ia^Zl^aH^I 

^fel 0 6<0^l^a<0S$<±. 1 2 0//mi: 

■c. 1 0 6 co-g-tfoTMm (=so) itmi. 

4 X 1 0-" cm2 t^oT^Co *^4^te{a|<7)*f||^ 
ffl«l 0 9li. I^acoft??: 1 3 0;ami:i--5>, ^MS 

gl 0 6 i:*imff^<0itftz:^3ia=:ftff^:Ki: L;to l+f^« 
M 1 0 9 l±. 1 0 6 tOitTO 2 T®ff^ 

4^cOTI,^C^-ife$-<i:-CE«L/io 2 M^cO#ff^«Jt 1 0 

«Mm@ 1 0 6 co»f®« (=so) \zn-r^m^ir 

^^1 0 9<^¥®St (=S) <7)Jt^ (=S/So) (±*S7 
1. 2hti:^tZo --n. nff^S i 0 1 <0« 

HOB&^Blcji, t;1'5-'!;a (A 1 ) -rvf-^^ 

(Sb) '^^*^^«rlR35^'b^^nff^:*--5 •y^'licOft 
B^Ml 0 7 Sr^^LT, G a P^,L E D 4 A i: ^ t 

[0 10 71 *»4||J&t^H'»*?-&LED4 A36'C>(i> 

2 OmA<7))IS:^|6]||»ftOii5itB#lcM'V^T. ^Tfe^t^-WSg 
**5j6 5 0 nmi:-r-5>#fe5t**JSc|ftS*t;t:o JifB<0^ 1 
75S» 3 l-IBttO^ L E D 1 A ~ 3 A t ra U. < , 

LEDt^of^o l&TfeS 1 0 2 t V-f hVN'> K 

-y -fffy^ 1 w^ffla* I I I - vmfl:^%#^3l*ti:@ 1 

0 3 t^-ib p n«-&«iS*?i^«tL/cfc*. aSEiajt«tl 

*3a*«;{ciifiS:-r-|', JLo. P8P^7lc:«iSl 1 OOJaIE 

0-r-<^'D7y h (fiW) ffil^mt^i-^tzo Ztl 

i±. »i s.t>*iS2<7)#i!^i 1 1 -Ym^t-t^^m-^m 

1 0 3, 1 0 4 Sr. 1 0 2 iZJtRL-Tf&ST-fiK^ 
LfjittcJ: I). mifet-H'S.lfe^S 1 0 20Sai403»t 
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[011 S5l|lifeM(-feiROLEDO»f®«^iaT-ab 

So 

■5)0 20 
[0 31 ^2||ia^HE«(OLED<Offlf®«^0T-* 

So 

[04] ^3*ife«^{CfBttOLED<O^ffi:K^0T-* 

-l) o 

[0 51 m 3mmmizu$^ff)LED(ommm^mx'^ 

'he 

[061 »4*Jfe«aHcfE«OLED<O¥M«^0f* 

So 

[0 71 ^4||iSIRItZlB«<OLED<Dffif®«^0T-* 



2003-23181 

36 

So • 

'10 81 *^g?lC«ipSLED7V/<OBrffi^*0-e* 

So 

(l?-§-oSiWl 

lA, 2A. 3A, 4A, 10 GaP^^LED 

1 1 

1 2 ^mm 1 1 1 - vmit^^mim 

1 3 

1 4 mMm.m. 

1 5 ttm 

1 6 Sb^ 

1 7 > 1 8 m'f- 

1 9 • Ji--K+>-«fli 

1 0 1 *igfB*« 

10 2 G a Pm^±^ 
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